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MX25^M25IC_PR0TEI^MICR0PARTICLE^ 
AND_PREPARATION THEREOF • 

£££££i££jL££ 

05 Protein concentrates have long been recognized 

as an important component of processed foods. The 
need for protein is becoming more important as- a 
basic nutritional requirement. New sources of 
protein concentrates are being sought to supplement 

10 the usual protein materials such as. dry milk solids 
and soybean extracts. These protein concentrates 
are used in diet supplements and commercially 
prepared foods. 

Protein concentrates have been nmch in demand 
15 particularly as fat substitutes". Natural fats have 
9 Kcal (kilocalories) per gram, and proteins have 4 
Kcal p_er gram, thus, replacing fats in foods with 
proteins results in- a significant calorie savings. 
In addition, a die-E high in fats has been linked- 
2q with health disorders- such as obesity, heart disease 
and atherosclerosis. therefore, replacing the fats 
in foods with proteins has the desirable effect, of 
improving the nutritional quality of the food, as 
well as reducing its- caloric content. Protein - 
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curd, which is then processed to form a sliceable 
processed cheese product. 

In U.S. Patent No. 3,793,464, D . T . Rusch 
describes a process for preparing aqueous emulsions 

05 of proteins suitable for foods, in which the protein 
is coated with lipids in order to improve the taste 
and texture of the protein product, and to make it 
more palatable. The protein is first coated with 
the lipid layer, then dispersed in water. 

10 In U.S. Patent No. 4,734,287, N.S. Singer et 

al. describe a protein product based on dairy whey 
proteins which can be used as a fat substitute. The 
protein product produced by their method is composed 
of heat-labile particles of denatured dairy whey 

15 protein. In this process, whey proteins are 

heat- denatured under high shear conditions, and at 
low pH, to produce finely divided particles of 
denatured whey protein. 

Proteins have also been used to encapsulate 
. 20 molecules. Encapsulation and microencapsulation 

have been widely applied in industry to protect the 
encapsulated material against light, oxygen, 
humidity, UV radiation and other hostile environ- 
ments. Encapsulation can be employed to facilitate 

25 handling, to give protection against mechanical 
damage and to provide texture properties. 

Microcapsules (i.e., microspheres) can range in 
size from tenths of a micron to several thousand 
microns, or larger. Currently available 

* 

4 30 encapsulations use polymers as the encapsulant, such 

as polyacryldextrans (Edman et al., 1980, J^Pharm^ 



WO 90/03123 



4- 



PCT/US89/03991 



05 



Sci^, 69:838 and Artursson et al . , 1984, J , Pharnu 
Sci^, 73:1507); or polyacrylamides (Ekman arid 
Sjoholm, 197 8, J. Pharm.. Sci^. 67:69 3 and Ekman et 
al., 1976, Biochem. , 15:6115). 

Hicroencapsulation is used in the food industry 
to improve the flavor, aroma, stability, appearance, 
nutritional value and texture of food products. 
With the increase in storage and transit time of 
processed food in industrialized countries, it is 
10 important to ensure nutritive vaLue and sensory 
quality at least eqxfcal to the original food. In 
food applications, it\s also important to have a 
safe, non-toxic, edible\biode4radible encapsulating 
material . 

15 gumma ry_ of the I nve ntion 

The invention relate^ to wakr- dispersible , 
water-insoluble protein jaicr op articles , having a 
particle size of about ^00 microns o^less. For 
purposes of the presenjfc invention, the\erms 
2q "microparticles", "microspheres "and "microcapsules" 
are used interchangeably. Water- insoluble , v 
hydrophobic protein/ derived from a variety of 
sources, including/animal and plant sources, are 
processed to produce these protein microparticles . 

The invention also relates to a process for 
making the prote/in microparticles. The method 
generally involves solubilizing the hydrophobic 
protein in an organic solvent or aqueous mixture 
thereof, a salt solution, or a solution having an 
30 extreme acidic or basic pH, and adding the resulting 
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protein solution to an aqueous medium under 
conditions appropriate to precipitate the protein, 
and thereby to form a suspension of the protein 
microparticles . The process results in a stable, 

05 aqueous dispersion of protein microparticles. 

Microparticles produced by trie method are uniform, 
spherical, water- insoluble , water-dispersible 
particles of non- denatured hydrophobic protein. The- 
micropart icles are'heat stable and can be ..dried for 

10 transport and/or storage and then re-constituted, or 
hydrated', prior to use. 

The properties of the microparticles can be 

— 

controlled by varying the process parameters, such 
as the concentration of the starting protein sola- 
15 tion, the rate of agitation, temperature and other 
variables . 

Further, the protein can be modified prior to 
precipitation to enhance certain properties of the 
final product. The protein can be modified 

2Q enzymatically , chemically or by other techniques, 
. For example, the proteins. can be- treated with a 
protease (e.g., chymotrypsin , which affects the - 
molecular weight of the proteins), .or with an enzyme 
(e.g., transglutaminase which causes inter- or _ 

25 intra-molecular crosslinking- of the protein) . In 

addition, the amino acid residues of the protein can 
be hydrolyzed. In one embodiment, the number of,., 
charged amino acid residues can be -increased by 
chemical or enzymatic modification." For example, 

30 glutamine . and asparagine can be converted to 
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modif ication of the proteins prior to processing. 
The protein microparticles can be dried to powder, 
.which can be easily stored and handled. The powder 
can be readily reconstituted prior to use. The 
05 microparticles have excellent heat stability-, which 
is important' in the high temperature processing of 
foods. - 

B r i e f _fr£££Ei££.i££_£ ^ _ J^£_Zi£H£ £ £ 

Figure 1 is a schematic, representation of a 

1Q system which can be used for the batch production o'f 
protein microspheres by the "Fed Batch" method... 

Figure 2 is a schematic representation of a 
flow-through mixing system which can be used for 
production of protein microspheres by continuous 

15 precipitation. 

Figure 3 is a schematic representation of a 
reaction system, which can be used for continuous 
production of the protein microspheres by the "Plug 
Flow Precipitation Method". 

20 Be tailed De i scrip t ion of _ the _ Invent ion 

For the purpose of describing the present 
invention, ' the terms' "microparticles" , — 
"microspheres" and "microcapsules" are used inter- 
changeably, and^as used herein, refer to small 
25- water*- dispers ib le particles of water - insoluble 

hydrophobic protein having a median particle size of 
. less than about 200 microns. 
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The term "water-dispersible" refers to micro- 
particles which are freely dispersible in an- aqueous 
medium, to form a homogeneous substantially 
non-aggregated suspension of the microparticles. 

05 For purposes of the present invention, the term 
"aqueous medium" refers to water or a water-rich 
phase, such as a mixture of water and alcohol, 
containing at least 60% water by weight, in which 
the present microparticles are insoluble. 

10 All percentages and ratios are by weight, 

unless specified otherwise. 

The proteins used to make the microparticles of 
the present invention are water-insoluble, hydro- 
phobic proteins. Water-insoluble hydrophobic 

15 proteins are proteins which, in their non- denatured 
state, are insoluble in water at room temperature 
and over a wide pH range (e.g., between about pH 
2-pH 10). For purposes of describing this 
invention, a protein is insoluble in water if less 

20 than about 0.5% (weight to volume) of the protein 
dissolves in water under the aforementioned 
conditions. 

Microparticles produced by the method of the 
present invention include uniform, water-insoluble , 
25 water-dispersible, spherical particles of non- 
denatured, hydrophobic protein. The microparticles 
are heat stable and can b^T dried, and reconstituted, 
if desired, prior to use. 

The preferred proteins are hydrophobic grain 
30 proteins known generally as prolamines. Prolamines 
are characterized by their insolubility in water and 
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solubility in aqueous alcohol (e.g., aqueous 
solutions of water and ethanol or 2-propanoT, for 
example, containing at least 40% alcohol), and by 
the presence in the protein of large amounts of 

05 hydrophobic amino acids such as proline, glutamine 
and asparagine. The unusual solubility character- 
istics of prolamines is based on the fact that they 
are usually deficient in polar amino acids. 

Prolamines are found in high concentrations in 

10 various grains, such as corn, wheat, barley, rice 

and sorghum, and in other plants and animal sources. 
The amount of prolamines in selected grain seeds is 
shown in 'Table 1. 

TABLE 1 

15 Sources for Prolamines 

% by weight of 



Source Prolamine Seed Protein 

Common Wheat Gliadin 45 

Durum Wheat Gliadin 60 

20 Barley Hordein 40 

Maize (corn) Zein 60 

Sorghum Kafirin 60 



A preferred prolamine for use in the present 
composition and method is the alcohol-soluble 

25 protein fraction of corn (Zea mays) . named zeiri. 

The potential yield of zein is about one pound per 
bushel of corn. Zein can be readily obtained from 
corn gluten, which is a by-product of the corn wet 
milling industry. Both commercially available 

30 grades, with associated impurities, and purified 
forms of zein can be used. 
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Non£olar 



05 



glycine 

alanine 

valine 

methionine 

isoleucine 

leucine 

phenylalanine 



18 
120 

36 
3 

28 
166 

54 



SuJ-fhydr^l^di sulfide 
10 half cystine + cysteine 



S.econda.ry_ 

proline 



101 



15 



20 



25 



see, J. Weychick and J. Boundy, (1963) In: Sym - 

317, H.Schultz and A. Anglemeir, (eds) , Avi Publish 
ing Co., hereby incorporated by reference herein. 

Prolamines _are soluble in extremely acidic or 
alkaline solutions and in., aqueous., mixtures of 
organic solvents which belong to the following 
classes: hydroxy— compounds (-e,-g. , ethanol, 2- 
propanpl or glycerol), ketones (e.g. , acetone, ~~ 
methyl ethyl ketone) and amides (e.g., acetamide) . 
Prolamines are s-oluble in aqueous mixtures of these 
solvents- which*contain no more than sixty (60%) 
percent by weight water. The "solubility" o-f a 
protein is defined as grams of protein totally 
dissolved in given amount of solvent at a certain 
temperature. A protein is. considered soluble in a 
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solvent if more than about 0.5% (w/v) protein 

s. 

dissolves in the solvent to form a transparent 
solution. Maximum solubility is the point at which 
the solution begins to turn from transparent to 

05 translucent or turbid. Turbidity ; can be determined 
visually, or measured with a nephrelometer or 
spectrophotometer using the methrod described by 
Preston in "Effects of Neutral /Salts upon Wheat 
Gluten Protern Properties . IJ Relationship Between 

10 the Hydrophobic\Properties off Gluten Proteins and 
Their Extrac tabilfcty and Tunfoidity in Neutral 
Salts", C ere a l_Ch em^ t r y_ , 5^:317 (1981), hereby 
incorporated herein bVrefference. As an example, 
hydrophobic proteins useWin the present process 

15 would not form a clear sfolt^ion in water at concen- 
trations of over 0.5% tifa/v) . >tfhe temperature range 
for measuring solubilyty can be\etween about 5°C to 
the boiling point of /the solvent oSc solvent mixture, 
but is preferably merasured at room temperature , 

20 about 20°C. J \ 

Prolamines are also soluble in aqueous solu- 
tions of inorganic, neutral, monovalent salts (e.g., 
sodium, potassium, lithium) or divalent salts (e.g., 
calcium or magnesium) of lyotropic anions (e.g., 

25 fluoride, chloride, broraate, bromide, chlorate, 

iodide, iso thiocyanate ) , in concentrations between 
about 0 . IN to 6N. In addition, prolamines can be 
dissolved in highly alkaline solutions, e.g., having 
a pH of about 10 or above or acidic solutions, e.g., 

30 having a pH of about 2 or below. 



* 
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The preferred solvents for prolamines, includ- 
ing zein, are aqueous solutions of ethanol or 
2-propanol which contain at least 40% alcohol. 
Prolamines are soluble in 60:40 mixtures of wa- 

05 ter/2-propanol in amounts between about 0.5-50% 
(w/v) protein, over a temperature range of about 
5-70°C; and in 60:40 water/ethanol in amounts 
between about 0.5-30% (w/v) protein, over a 
temperature range /of about 5-70°C. In a preferred 

10 embodiment, a solution of aqueous ethanol is used 

containing from about 70 to about 90% ethanol; that 
is,- having a water : ethanol ratio of from about 30:70 
to about 10:90. 

The ability to form microparticles (or micro- 

15 spheres) depends upon the differential solubility of 
the protein in water -miscible organic solvents, salt 
solutions, acidic or basic solutions as compared to 
their solubility in water or a water-rich phase. 
Hydrophobic proteins are soluble (> 0.5 mg 

2o protein/ml solvent) in mixtures of organic solvent 
and water having about 60% by weight or less of 
water, in salt solutions having concentrations from 
about 0.1N to 6N, and in extremely acidic or basic 
solutions (having a pH of about 10 or above or 2 or 

25 less). They are not, however, soluble in pure water 
or in organic solvent : water mixtures having greater 
than 60% water. The methods of production of the 
microparticles utilize these properties in that the 
protein is dissolved in an organic/aqueous solvent, 

30 acid, base or salt solution which in turn is- added 
to rapidly stirring water or a combination of water 
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weight or in acid, base or- in salt solutions having 
a concentration greater than 0.1N. The water or 
protein solution can contain additives (such as-, 
e.g., carbohydrates, oils, phosphates, emulsifiers 

05 or surfactants), to control size, agglomeration 
and/or surf ace properties for the intended use of 
the micropa-rticles. The protein 'feed' tube is' 
positioned in an .area of high agitation in the 
vessel, and the aqueous solution is rapidly stirred 

10 at a level between 1 and 50 horsepower (hp) per 1000 
gallons/ The protein solution" is then rapidly 
pumped* into the reactor where the protein 
precipitates into microparticles , the size of which 
is determined by the conditions found in the reactor 

15 (i.e., pH, temperature, residence time, protein 
concentration in the feed, agitation, additives, 
etc.). However, during the batch process the 
concentration of particles and protean solvent 
increase with the length of the production run. If 

20 a low-boiling organic solvent is used, the concen- 
tration of the solvent in the precipitate can be 
controlled by evaporation. If acid, base or .salt is 
used to solubiliz-e the protein the concentration of 
acid, base, or salt can be controlled- through __ 

25 diaf iltration of the reactor fluid during the course 
of the precipitation, or, in the case of acid and 
base, by pH adjustment. _ 

Figure 2 schematically illust-rates an apparatus 
for a flow-through mixing system-to be used in a 

30 continuous prec ipi ta-tion process. The apparatus 
includes: a temperature controlled, baffled 
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(optional) mixing cell (precipitator) and three 
vessels containing: the aqueous phase, protein 
dissolved in solvent, and a product collector, 
respectively, and pumps to control the input of the 

05 materials into the precipitator. In the continuous 
process, the microparticles are formed and 
properties controlled as in the fed batch process 
with the exception that the concentrations of the 
protein, solvent and particles are constant over the 

10 length of a production run allowing greater control 
and uniformity of the final particle properties. 
The residence time in the mixing cell (precipitator) 
is equal to the volume of the reactor divided by the 
effluent flow rate. Typically the residence times 

15 range from 0.1 seconds or less, to about one hour. 

Another method of continuous production is the 
"Plug Flow Precipitation" method. An apparatus for 
this method is schematically illustrated in Figure 
3. In the plug flow method, the aqueous phase is 

20 pumped through a temperature regulated in-line 

mixing device. The protein solution is pumped into 
the center of the mixer wheire it is rapidly stirred 
into the aqueous phase leading to the formation of 
microspheres. As in the other two methods, 

25 additives in either phase, temperature, protein feed 
concentration, rate of mixing, etc. can be 
controlled to produce particles having the desired 
size and properties for a particular application. 
In this mode of production the residence time can 

■ 

30 De » typically, from about 0.01 seconds to 30 
minutes . 
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The methods described above can be modified to 
encapsulate, or incorporate into the microspheres, 
various materials such as drugs, flavors, proteins 
or other substances. For example, the apparati 

05 shown in Figures 1-3 are useful for encapsulation. 
In these apparati, the protein feed tube is 
positioned above the surface of the mixing aqueous 
phase. The material to be encapsulated is dissolved 
in either the aqueous or organic phase as dictated 

10 by the solubility of the material. The formed 

microspheres will have incorporated throughout the 
sphere the material to be encapsulated. The size 
and properties of the microcapsules will be subject 
to the same controlling parameters as described 

15 above. 

The concentration of microspheres in 
suspensions produced by the methods described is 
typically between 0.1 to 10% by weight. The 
suspension may be further concentrated to up to 40% 

20 by weight by ultrafiltration, evaporation or other 
appropriate techniques, or reduced to a dry powder, 
using standard techniques such as flash drying, 
lyophilization or spray drying. For example, the 
material from the precipitator (the suspension of 

25 protein microspheres) can be concentrated to between 
about 20 and 40% by weight by evaporation and/or 
ultrafiltration. The concentrated protein can then 
be diafiltered to reduce the amount of residual 
solvent to trace amounts. The diaf il tration can be 

30 done continuously by staged addition of solvent or 
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carboxymethyl cellulose (CMJC). - These compounds 
exist as slightly acidic salts and interact with the 
positively charged regions on the exterior of the 
protein molecules, thereby stabilizing the 
05 microspheres. A preferred amount of these gums in 
the aqueous phase is up to abuut 0.2% (w/v) . 

Other stabilizers, such as lecithin, DATEM - - 

— 

esters (diacetyl tartaric acid esters of mono.- and 
di-glycerides> , polysorbates , sodium stearate, 

10 potassium oleate , sodium phosphate, pyrophosphates, 
and sodium docecyl sulfate (SDS} , can also be used. 

Anti - aggregating agents are not necessary 
during the formation of the prolamine microspheres 
if the pH of the aqueous phase is below about pH -6 , 

15 or above about pH 7. The best results are obtained 
when both" the aqueous phase and the prolamine 
solution are adjusted to about pH 2.5. (See Example 
14). 

The protein microspheres produced by the 
--■ present precipitation methods generally have a 
20 particle size of less than about 20 microns. These 
microspheres are comprised of non-denatured, 
water- ins-oluble , hydrophobic proteins, and form, a 
stable suspension in an aqueous^ medium . In a 
preferred embodiment of the present composition and 
25 method, the precipitated microspheres have -a. median 
particle size of "less than about 10 microns." The 

— 

term "median particle size" refers to a volumetric 
distribution of particle sizes, such that of the 
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total volume of particles present, 50% of that 
volume is comprised of particles having diameters 
less than, and 50% having diameters greater than, 
the median size. In a more preferred embodiment of 

05 the present composition and method, the precipitated 
microspheres have a median particle size of less 
than about 4.0 microns. Microspheres having a 
median particle size of less than about 4.0 microns 
are particularly useful as fat substitutes. 

10 Particle sizes are measured by a Microtrac Small 

Particle- Analyzer. (Leeds & Northrop Instruments, 
North Wales, PA) . 

The concentration of protein microspheres in 
the suspension after precipitation generally ranges 
15 from about 0.1% to about 10% by weight of the total 
volume of suspension. More concentrated suspensions 
may be desirable. If so, the suspension can be 
concentrated by an appropriate method, such as 
ultrafiltration and/or vacuum evaporation. Ultra- 
20 filtration using membranes having a cut-off of 

500,000 NMWL (nominal molecular weight limit) or 
less is a preferred method of concentrating the 
suspension and, at the same time, removing low 
molecular weight compounds dissolved in the super- 
25 natant. The concentration of the suspension by 

ultrafiltration can be up to about 40% (w/v) pro- 
tein, or more. 

The concentrated suspension can, optionally, be 
dried to a powder. This can be accomplished by 
30 placing the suspension in a lyophilizer at an 

appropriate temperature (e.g., room temperature), at 
a pressure of about 10-60 millitorr (mtorr) until 
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the water and other volatiles have been evaporated 
(to about 1-10% moisture content), and a fine powder 
remains. Alternative forms of drying, such as flash 
drying, fluid-bed drying, spray drying or vacuum 
05 drying can be used. This powder can then be stored 
and handled without refrigeration or other special 
handling procedures. Rehydration can be 
accomplished by adding the powder to water, or an 
aqueous medium, with agitation sufficient to 
10 resuspend the protein particles and form a sus- 
pension. The ratio of powder to water will depend 
upon the concentration of the final reconstituted 
product which is desired. For use as a fat 
substitute, a suspension with a protein : water ratio 
15 of up to about 40:60 (w/v) is preferred. 

The properties of the suspension can be modi- 
fied for a given application, for example, by 
chemically and/or enzymatically altering the 
starting protein prior to precipitation. Such 
20 modifications can produce a protein having enhanced 
thermal stability, surface reactivity and shear 
stability. The functionality, surface properties 
and molecular weight distribution of the protein can 
be modified by hydrolysis with proteases, such as 
25 papain or chymo trypsin, to yield peptides having 

similar solubility characteristics as the untreated 
protein. A change in the molecular weight 
distribution of the starting protein causes a 
variation in the particle size of the product. 
30 Enzymatic hydrolysis can be carried out prior to 
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carbonate or other base (see Example 12). Other 
examples of chemical modification include 
es terif ication of the protein with fatty alcohols, 
or acylation of the protein with fatty anhydrides, 

05 which can alter the acid (or base) sensitivity of 
the protein product. 

The thermal stability of the protein can be 
enhanced by cross-linking . the protein prior to 
precipitation by the addition of an enzyme which 

10 catalyzes intra- and/or intermolecular crosslinking 
of the protein, such as transglutaminase, or protein 
disulfide isomerase. Transglutaminase and protein 
disulfide isomerase cause inter- and intramolecular 
crosslinking of the protein through the amino acids 

15 glutamine and cysteine, respectively. Transgluta- 
minase catalyzes an acyl transfer reaction, in which 
the amide group of the amino acid glutamine is the 
acyl donor . 

* 

Thermal stability "is particularly important for 
20 a fat substitute to be used in baking, or other high 
- tempe-rature food processes. Thermal stability of 
the raicroparticles can be enhanced by adding oils 
and/or surfactant's. For example, to a suspensi-on of 
the microparticles prepared as described herein — 
25 above, an oil such as soybean oil, or surfactants, 

such as monoglyceride esters, can be added to form a 
. stable suspension having improved thermal stability^ 
over a suspension which does not contain an oil or 
surfactant (See Example 16). The amount of oil or 
30 surfactant whi^ch is added is the amount necessary to 
improve the thermal stability and. form a stable- 
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emulsion, generally about 1.0% by weight of the 
protein. 

The present protein-based suspensions can be 
used in various applications in the food industry, 
including as replacements for fats in foods. 
Microparticles having a median particle size of up 
to about 4.0 microns are useful as fat substitutes. 

To be acceptable as a fat substitute, a fat 
substitute should closely approximate the organ- 
oleptic attributes (i.e., sensory impression) of the 
fat to be replaced. The most important organoleptic 
attribute is "mouth - feel " . Mouth-feel consists of 
the collection of sensory impressions (e.g., 
smoothness, creaminess, grfttiness , lubricity) which 
a substance creates in the mouth of an individual 
tasting the substance. Natural fats form a layer or 
coating on the tongue. This coating property, as 
well as the creamy, smooth texture of natural fats, 
must be reproduced by the fat substitute. These 
fat-like properties are reproduced by an aqueous 
suspension of the protein microparticles described 
herein. 

Hydrophobic proteins are particularly suited 
for use in fat substitutes, because the physical 
characteristics of hydrophobic proteins are similar 
to those of fats. For example, hydrophobic 
proteins, such as prolamines, exhibit less 
interaction with aqueous media. Prolamines can form 
films, which is a fat-like property. The ability of 
a fat substance to leave a coating in the mouth is 
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part of the organoleptic character that contributes 
to the mouthfeel associated with fats. 

The present composition is particularly useful 
in producing reduced-calorie, reduced-fat food 
05 products. The microparticles , in dry form or as a 
suspension, can be substituted for a significant 
portion of the fat in selected food formulations. 
The extent of substitution can be up to about 100% 
and is generally £rom about 50 to 100%. The amount 
10 of the present fat substitute which is used to 

replace the fat in a selected food product can be 
defined in terms of ,r fat equivalence". "Fat 
equivalence" is defined as the ratio of the weight 
of dry microspheres in the fat-reduced formula to 
15 the weight of fat removed from a control formula. 

In a preferred embodiment of the present invention, 
the fat equivalence will range from about 0.10 to 
about 0.50, where the balance is made up with water 
or an aqueous medium. For example, in a selected 
food formulation, if lOg of fat is replaced with 5g 
of dry microspheres, an aqueous dispersion of 
microspheres containing 5g of dry microspheres and 
5g of water is added, producing a product having a 
fat equivalence of 0.50. That is, the formulation 
contains 5g of dry microspheres, and 5g of water, 
for lOg of fat removed. More or less fat substitute 
can be used in a selected formulation depending upon 
the amount of fat reduction desired and the 
individual formulation. 

The present protein microparticle compositions 
are heat and cold stable, thus, can be used in 
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packed with an adsorbent, such as activated charcoal 
or a polymeric resin. For this purpose, nan-polar, 
neutral, macroporous polymeric beads having a high 
surface area (e.g. from about 100 to about 1000 
square meters per gram) can be used. Macroporous 
polystyrene or s tyrene - divinylbenzene copolymer 
beads having a. pore size from about 10 to about 200- 
angstroms, are preferred. In one. embodiment", the 
prolamine is dissolved in alcohol at a concentration 
of about 2 to about 40% and run through a column 
containing polystyrene beads at a space velocity of' 
2 1/hr "per gm of beads. This ' procedure removes, the 
color from the protein and passes the protein with a 
recovery of over 95%. 

Deflavoring the protein removes the "grassy" or 

m 

"grainy" flavor and/or odor which may be present in 

- 

some proteins. One deflavoring method is to extract 
the dried protein with solvents such ""as ethaivoL, 
methanol, acetone, hexane or mixtures thereof. The 
solvent can then be removed from the prolamine bv 
filtration and /drying. Deflavoring can also can be 
accomplished by ultrafiltration. For this purpo'se, 
membrane's having a- pore size less than ab'out 30;000 
NMWL can be used. In- one embodiment," the protein — 
suspension is deflavored by filtering the suspension 
through a 30 , 00~O^NMW'L hollow fiber, filter cartridge. 
Protein micropar tides treated with ultrafiltration 
exhibited reduced odor and flavor." 

Uniformity of particle size is particularly 
important- for substances to be used as fat 
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substitutes, since the presence of large particles 
or aggregates of particles, can contribute to a 
chalky, gritty texture that is unacceptable in terms 
of the mouthfeel of the product. The present 
05 raicroparticles are substantially uniform in size, 
that is, the distribution of particle sizes is 
narrow and substantially gaussian. A protein 
suspension produced by the present process, having a 
concentration of microspheres of from.,about 10 to 
10 about 40 percent, by weight of the protein, as 

required or determined by end use, has a fat- like 
mouthfeel and good organoleptic properties. 

The present suspension can be used as a low- 
calorie, cholesterol-free fat substitute in many 
15 processed food preparations by directly substituting 
the suspension for the same amount of fat in the 
processing of food. The content and formulation of 
the food product will be determined by the nature of 
the food product, its end use, and the sensory 
20 qualities desired by the manufacturer. 

The protein micropar tic les of the present 
invention can also be used to encapsulate or incorp- 
orate various materials, such as drugs, cosmetics, 
pesticides, flavors or other substances. For 
25 example, microcapsules have been used as carriers 

for proteins and drugs in_vivo. A system used as an. 
in vivo drug carrier must be biocompatible, and 
non- toxic; it must be biodegradable and should not 
induce an antibody response. Protein microspheres 
30 of the present invention are particularly suited to 
in vivo delivery . systems because the protein is a 
natural, safe, non-toxic substance. Microcapsules 
made by the present process can also be used to 
encapsulate flavors which can then be added to 
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foods. Encapsulated pesticides can be made which 
would be taken up by the pests, and released in 
vivo . 

The microspheres formed by the process of the 
05 invention are ideal for encapsulation purposes. 

Encapsulation of a substance within the microspheres 
is accomplished by the process described herein- 
above . 

The invention, is further illustrated by the 
10 following examples. 

Exara£l e_l 

Formation of a Protein Suspension from Zein 

A solution was prepared by dissolving 1,0 g of 
zein (regular grade, F-4000, Freeman Industries, 

15 Inc., Tuckahoe, NY) in 12.5 ml of 90% ethanol (v/v) 
(Pharmco Products Inc., Norwalk, CT) and heating to 
40°C. In a separate 125 ml beaker equipped with 
baffles and a magnetic stirrer, 200 mg of gum arabic 
(Nutriloid Arabic Gum, TIC Gums, Inc., Belcamp, MD) 

20 W as dissolved in 100 ml water. The resulting 

solution was heated to 70°C. The zein solution was 
added to the gum solution at a flow rate of 20 ml 
per minute via a syringe needle which was submerged 
into the rapidly stirring aqueous solution. A 

25 suspension formed immediately. The suspension was 
filtered through Whatman No. 1 filter paper in order 
to remove particulate impurities. The final 
concentration of zein was 0.89% (w/v) . 
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and were found to prevent Aggregation: 

% of total 

Compound ' mg/ml_sus£e^sion solids 

Gum Arabic (TIC Gums, Inc.) 2.0 17% 

05 Gum Ghatti (TIC Gums, Inc.) 1.5 13% 

Lecithin (Soy Refined, United 2.0 17% 

States Biochem, Corp., Cleveland, 
OH) 

Sodium Dodecyl Sulfate 0.1 1% 

10 (Polysciences , Inc., Warrington, ~ 

PA) " ~ 

Sodium 'Phosphate (pH-8.0)- 5.0 ^ 33% 

(J.T.. Baker Chemical Co., 
Phillipsburg, NJ) 

- 

1 5 E x a m£ 1 e _4 

He thcrd_l 

A solution was prepared by dissolving 1.0 g of 
zein in 12.5 ml of 90% ethanol and heating the. " 

20 solution to 70°C- In a separate 1-25 ml b"eaker - 

equipped with baffles- and a magnetic stirrer, 200 -mg 
of gum arable was dissolved In a mixture of 100 ml 
water and 30 ml" of ethanol, and heated to 70° C. The 
. zein solution was added to _the gum solution at a 

25 flow rate of 20 ml per minute through a syringe 

needle which was submerged into "the rapidly stirring 
aqueous .solution. A light suspension formed 
immediately, and upon slow cooling to 5°C, 
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additional material precipitated. The suspension 
was filtered through Whatman No. 1 filter paper to 
remove large particulate impurities. Inspection 
with both light and electron microscopes revealed 
05 spherical particles having a particle size of 3-5 
microns . 

Method 2 

A solution was prepared by dissolving 1.0 g of 
zein in 12.5 ml of 90% ethanol and 0.5 ml glycerol 

10 (Aldrich Chemical Co., Inc., Milwaukee, WI) and 
heating the resulting mixture to 40°C. In a 
separate 125 ml beaker equipped with baffles and a 
magnetic stirrer, 200 mg of gum arabic was dissolved 
in 100 ml water and heated to 70°C. The zein 

15 solution was added to the gum solution at a flow 
rate of 20 ml per minute through a syringe needle 
which was submerged into the rapidly stirring 
aqueous solution. A suspension formed immediately. 
The suspension was filtered through Whatman No. 1 

20 filter paper to remove particulate impurities. 

Inspection with both light and electron microscopes 
showed the particles to be spherical having a 
particle size of 0.1-0.2 microns. 

Examples 

25 Conj^entrat ion_and_Dr£i 

A filtered suspension prepared according to the 
method set out inExample 1 was concentrated, then 
reduced to a dry powder, through the following 
procedure: 800 ml of said filtered suspension was 
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concentrated to a volume of 100 ml, using a 30,000 
NHWL, (Model AGF6 0 , Fresenius, Chem. Pharm. Ind. KG, 
Taunus, FRG) or 100,000 NMWL (Model HTP100, Amicon, 
Corp., Danvers , MA) hollow fiber cartridge by 

05 following the manufacturers instructions. The 

resulting suspension was dried to a powder using the 
following procedure: A 100 ml aliquot of the 
suspension was cooled to -20°C, then placed into a 
lyophilizer at a vacuum of 40 mtorr, at room 

10 temperature for 12 hours and a dry powder was 
obtained. 

» 

Exam£]L e_J5 

Def layering the Suspension 

Protein suspensions prepared from zein may have 

15 a "grainy" flavor and or odor. The flavor and odor 
were removed by the following procedure: 900 ml of 
the suspension prepared according to the procedure 
set out in Example 1 was concentrated to 100 ml 
using a hollow fiber filter cartridge (Polysulfone 

20 F-60, Fresenius Chem. Pharm. Ind. KG). The volume 

was then brought to 400 ml with deionized water, and 
the volume was again reduced to 100 ml using the 
hollow fiber cartridge. The procedure was repeated, 
and the final filtrate was freeze dried as described 

25 in Example 5. The dried powder exhibited reduced 
odor and flavor compared to the starting material. 
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particles to be spherical , ""with a median particle 
size of about 0.2-0.4 microns. The suspension was 
concentrated and dried -as described in Example 5 to 
yield a white powder having reduced odor and flavor 
05* compared to the non-treated suspension of Example 1. 

Exam£le_9 

preparation of _Pro tein _Micro spheres Us ing -Wheat 

- 

Gliadin, the prolamine in wheat, was isolated 

10 from- wheat gluten by suspending 40 g of wheat gluten 
(Sigma Chemical Co., St. Louis, MO) in 360 ml of 70% 
(v/v) e thanol -water at ambient temperature to form a 
slurry. This slurry was stirred approximately 5 
minutes to allow the gliadin to dissolve. The 

15 mixture was then centrifuged at 8000 g for 1 hour to 
remove all of the insoluble matter. "The gliadin was 
recovered from the supernatant" by first 
concentrating the solution to approximately 1/4 of 
its original volume via vacuum evaporation, and then 

20 t,y lyophilizing the concentrate, according to tire 
procedure set out— in Example 5. - 

Gliadin microspheres were formed by redis- — 
solving 7 g of the gliadin in 100 ml" of 70% (v/v) 
ethanol-water a"t_50°C. This solution was pumped 

25 into an agitated",' baffled breaker containing 400 ml 
of an aqueous .solution containing T. 22 g gum a-rabic 
and .2.22 g medium viscosity sodium carboxy- 
methyl ce-llulo^e (CMC., Sigma Chemical Co.). The 
resultant suspension contained particles with a- 

30 median particle size_of 3.3 microns^ (8 0% of the 
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particles fell between 0.7 and 9.42 microns) as 
measured on a Microtrac Small Particle Analyzer 
(Model 7995-30, Leeds & Northrup Instruments, North 
Wales, PA). This suspension had a pH of 5.90 and a 
05 conductivity of 188 micromho. 

Example 10 

Microsphere Formation by pH Adjustment 

Protein microspheres can also be formed by 
dissolving the prolamines at high pH , followed by 

10 precipitation into a lower pH medium. In this 

method, zein was dissolved by adding 7 g of zein to 
100 ml 0.1 N NaOH at 50 C C. The microspheres were 
formed by pumping this zein solution into an 
agitated, baffled beaker containing a 400 ml aqueous 

15 solution of 0.32 g gum arabic and 0.32 g medium 

viscosity sodium CMC maintained at 70°C. During the 
addition of the zein solution, the pH of the 
suspension was maintained between pH 4 and pH 6 by 
the dropwise addition of 1.0 N HC1. 

20 The resulting suspension was cooled to 4°C, and 

then filtered through a bed of glass wool to remove 
large particulate . matter . The suspension contained 
microspheres with a median particle size of 0.89 
microns (80% of the particles had a particle size 

25 between 0.40 and 2.40 microns) as measured on a 
Microtrac Small Particle Analyzer. 
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Example 11 

Prod^tion_of_Hicros£he res Using A Cont iny^u^Jlixing 
Cell 

A zein solution was formed by dissolving 49 g 

05 of zein in 700 ml of 90% (v/v) ethanol -water at 
50°C. This solution was combined with a 2800 ml 
aqueous solution containing 2.72 g gum arabic (TIC 
Gums, Inc.), and 2<72 g medium viscosity sodium CMC 
(Sigma Chemical Co.) in a flow-through mixing cell 

10 to form the microspheres. The cell was mechanically 
agitated with a 5 cm turbine-type impeller rotating 
at 500 r|>m. The average residence time in the cell 
was 8 seconds. The resulting suspension of micro- 
spheres had a median particle size of 0.42 microns 

15 (80% of which were between 0.18 and 1.32 microns). 
The suspension was cooled to 4°C, filtered through 
glass wool, and then concentrated on an ultrafilter. 
Ultrafiltration was done on a 5 ft , polyether- 
sulfone, 100,000 NMWL membrane (Novasette system, 

20 Filtron, Inc., Clinton, MA), concentrating the 

suspension from 3500 ml to approximately 1000 ml. 

This concentrate was diafiltered with 3000 ml water. 

The suspension was further concentrated on a 0 5 
^ 2 

ft , regenerated cellulose 300,000 NMWL membrane 
25 (Minitan system, Millipore, Inc., Bedford, MA) to a 

final volume of about 150 ml, and a solids content 

of approximately 25%. 

The concentrated suspension was frozen at -70°C 

in a layer approximately 0.5 cm thick. This layer 
30 was lyophilized at a pressure of 60-100 mtorr, a 

platen temperature of 0-60°C, and a condenser 
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water solution containing -250 "mg zein and 250 mg 
dearaidated zein was pumped into an agitated, baffled 

■ 

beaker containing a 50.. ml aqueous solution of 27 rag 
gum arabic and 27 mg -medium viscosity CMC , forming a 
05 suspension of microspheres. The resultant 

suspension was at pH 6.7, and contained microspheres 
with a median particle size of 0.57 microns (80% of 
the microspheres -had a particle size between 0.23 to 
0.97 microns ) . 

10 Method_2 ~ 

. A* 7 ml, 90% e thanol-water solution containing 
500 mg of dearaidated zein was adjusted to pH 4.5 
with IN hydrochloric acid. This solution was slowly 
pumped into an agitated, baffled beaker containing a 

15 50 ml aqueous solution of 27 mg gum arabic and. 27 mg 
medium viscosity CMC, adjusted to pH 4.5. The 
resultant suspension contained microspheres Vith a 
median particle size of 0.85 microns (80% of the 
microspheres had a particle size between 0.38 to 

20- 2.. 30 .microns ) . 

Example "13 — ~ 

E f f e c t of P r o 1 am in e C one en t r a t i o n _ a n d W a t e r _ C o n t e n t 

— 

Method 1^ _^Ef fee t of_Ze in_ Cone gntrjitjLon 
25 A zein solution containing 64- g zein in 700 ml 

of 90% (v/v) ethanol -water was eombined with a 2800 
ml aqueous gum' solution containing 3.56 g gum arabie 
and 3 756 g medium viscosity CMC in a flow- through 

* — ^ 

mixing apparatus as_described in Example 11, forming 
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microparticles . The resultant suspension of micro- 
particles had an increased particle size distri- 
bution with a median particle size of 1.10 microns 
(80% of the particles had a particle size between 
05 0.35 and 3.38 microns). The control suspension 

described in Example 11 had a median particle size 
of 0.42 microns (80% of the particles had a particle 
size between 0.18 and 1.32 microns). 

Method 2. Effect of Water Content 

■■■ 

IQ A zein solution containing 49 g zein in 700 ml 

of 75% (v/v) ethanol-water was combined with a 2100 
ml aqueous gum solution containing 2.72 g gum arable 
and 2.72 g medium viscosity CMC in a flow- through 
mixing apparatus as described in Example 11, forming 

15 microparticles . The . resultant suspension of micro- 
particles had an increased particle size distri- 
bution with a median particle size of 0.99 microns 
(80% of the particles had a particle size between 
0.37 and 3.45 microns). The control suspension 

20 described in Example 11 had a median particle size 
of 0.42 microns (80% of the particles had a particle 
size between 0.18 and 1.32 microns). 

Example_14 

2 5 P repar ation of ^Microparticles Without th e Use of 
Anti -Aggregating Agents 

A solution of 49 g of zein in 700 ml 90% (v/v) 
ethanol-water was blended with 2800 ml water acidi- 
fied with 0.47 ml 12N HC1 (pH 2.51) in the flow- 
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through mixing cell described in Example 11. The 
resultant suspension was at pH 3.13, had a conduc- 
tivity of 357 micromho and was comprised of 
particles of median particle size 0.43 microns (80% 
05 of the particles had a particle size between 0.13 
and 4.49 microns). 

Exam£le_15 

Concentration of Micropar tides [J^y^ggf^If^i^n 

Evaporation may be used to concentrate the zein 
10 particles, in place of the ultrafiltration/ diafil- 
tration described in Example 11 as long as the 
suspension is not exposed to aggregating thermal 
conditions . 

Zein (type F-4000) was purified by contacting a 
15 20 g sample in 200 ml of 90% (v/v) e thanol-water 
with 4.0 g of powdered, activated carbon for 30 
minutes. The carbon was then removed by filtration. 
This purified zein solution was then used to form 
microspheres by precipitation into an agitated, 1000 
ml aqueous solution of 1.11 g gum arabic and 1.11 g 
medium viscosity sodium CMC at 50°C. The resultant 
suspension contained particles of which 90% had a 
particle size of less than 2.10 microns. 

This suspension was concentrated by rotary 
evaporation by taking 1000 ml of the suspension, and 
evaporating in a vacuum of about 30 torr and a bath 
temperature of 47° C. Once the volume had been 
reduced to 140 ml (a 7.1 fold concentration) minimal 
effect on the particle size was observed with 90% of 
the particles having a particle size of less than 
2.64 microns. Continuing to evaporate to 
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The thermal stability-, measured by the onset of 
aggregation, as measured by the Microtrac Snrall 
Particle Analyzer, was determined at 9.4% solids. A 
1 ml sample of the concentrated microsphere 

05 suspension was placed in a 2 ml reaction vial, 
whichj in turn, was placed in a 70*0 oil bath. 
After 30 minutes, the particle size was measured. 
There was no subs-tantial change in the particle size 
distribution ' (90% of the particles below . 2. 19 

10 microns prior to heat.ing, and 2.23 microns after 
heating ) . 

. A-control suspension was prepared in a similar 
manner, but omitting the addition of the soybean oil 
and Myvatem 30. In the control suspension, 90% "of 

15 the particles had a diameter less than 1.96 microns 
prior to* heating. After heating the 9.2% solids, 
control suspension in the manner described above for 
thermal stability te s ting ,. agglomerates formed such 
that 90% of the agglomerates were less than 6.41 

20 microns . 

Preparation of _ Frost ing_Ujing_Ze jjq_Fat_Sub stitute ~ 



ttethod_l - 

Dried zein microspheres,- prepared according to 

25 the procedure described in Example-1 1 , , and haying a 
median particle size, prior to lyophilization , of 
0.77 microns (80% of. the particles had a particle 
s-ize b-etween 0.23 and 2.91 microns) were substituted 
for the fat in frosting. The frosting had the 

30 following composition: 
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Fros ting Formulation 



. Control Fat ^Reduced 





Sugar, 10X 


70. 


42 




73 


.71 


05 


Butter 


22. 


01 




8 


.19 




Salt 


0. 


09 




0 


.08 




Vanilla Extract 


0. 


88 




0 


.41 




Almond Extract 


0. 


00 




0 


. 20 




Whole Milk 


6. 


60 




14 


.34 


10 


Zein Powder (dry) 


0. 


00 




3 


.07 




Caloric reduction 


(calculated) 


16 


.0% 








Fat reduction 




60 


.0% 








Fat Equivalence* 




0 


.28 







15 *Fat equivalence is defined as the ratio of the 
weight of dry microspheres in the fat-reduced 
formula to the weight of fat removed from the 
control formula. 

In a mixing bowl, the dried mieroparticles and 
20 butter were blended and creamed for 3 minutes. When 
smooth, 24.0 parts (24.0% (w/w) of the total 
formulation) of the sugar was added, and creaming 
continued for an additional 2 minutes. Salt, 
vanilla and almond extracts were blended into the 
25 mixture until smooth. The whole milk, and the 
remaining sugar were added alternately with 
agitation, and mixing continued for 5 minutes. 

The fat reduced frosting was creamy, exhibited 
a uniform character and good spreadabili ty . It had 
30 good color, good flavor and mouthfeel, with 
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20 



25 



substantiallyno off -flavors, off -odors or after- 
taste . 



Method 2 

An aqueous suspension of zein microspheres 
05 having a solids content of 25.9% was prepared 

according to the procedure described in Example 11, 
omitting the lyophilization and recons ti tution 
steps. The microspheres had a median particle size 
of 1.43 microns (80% had a particle size between 
10 0.48 and 4.06 microns). The frosting had the 
following composition; 



F^os ting Formulation 



ffg AE** t _JP g r cent age 



Ingredients 


Control 


Fat Reduced 


Sugar, 10X 


54.96 


62.50 


Corn Syrup (42 DE) 


0.00 


10.00 


Non-Fat Milk Solids 


2.20 


6.00 


Water 


7 .69 


0.00 


Superglycerinated Frosting 


35.16 


• 

3.00 


Shortening 






Instant Starch 


0.00 


2.50 


Tr is odium Polyphosphate 


0.00 


0.50 


Salt 


0.00 


0.10 


Vanilla Extract 


0.00 


0.40 


Zein Microsphere Suspension 


0.00 


15.00 



(25.9% solids) 



30 



Caloric reduction (calculated) 33% 
Fat Reduction 91.5% 
Fat Equivalence 0.12 
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10 



15 



French - type D^essing Forinulation 



We ijjhj:_P e r cen t age 



Ingredients 


Control 


Fat Reduced 


Cider Vinegar (50 grain) 


20.0 


20.0 


Sugar - 


12.0 


12.0 


Salt 


4.0 


4.0 


Tomato Paste 


7.0 


7.0 


Paprika 


3.0 - 


3.0 


Worcestershire Sauce 


0.8 


0.8 


Potassium Sorbate 


0J 


0.1 


Mustard Powder 


0.5 


0.5" 


Water 


22.2 


42.6 - 


Soybean Oil 


30.0 


0.0 


Xanthan Gum 


0.4 


0.0 


Zein Microspheres (dry) 


0.0 


10 . 00 



Caloric Reduction (calculated) 69% 
Fat Reduction _ 100% 

Fat Equivalence 0.33 



20 In a mixer, using a whip -type -agitator , the 

microspheres and the water were mixed until a 
uniform dispersion-was obtained,- Then, the " 
potassium sorbate, surgar, salt, ground., paprika and~~ 
mustard powder were added, and the mixture was 

25 blended at a slow-speed for several minutes to allow 
the" soluble solids to dissolve, and to uniformly 
suspend the insoluble solids. Under continued 
agitation, the vinegar, tomato paste and 
Worcestershire sauce were added", and the mixture was 

30 blended for an additional 15 minuc-es. The fat- 
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reduced dressing was judged to have acceptable 
viscosity and flow characteristics, acceptable 
flavor and mouthfeel, and substantially no off-odors 
or aftertaste. 

0 5 E x a m£ 1 e _ 19 

Pre£arat^on_of Frozen Desserts Us in^ a Ze in_Fa t 
^Hk£ t i tute . 

Frozen desserts were prepared using a 25.9% 
solids suspension of zein microspheres prepared 
10 according to the procedure described in Example 11, 
omitting the . lyophilizat ion and recons t i tut ion 
steps. The micropar tides had a median particle 
size of 1.43 microns (80% of the particles had a 
particle size of between 0.48 and 4.06 microns). 

15 Me thod_l 

The following formulation was used in the 
preparation of the frozen dessert: 

Zggzeii_I)6sgf r t Formulation 

Weight Percentage 



Ingredients 


Control 


Fat Reduced 


Skim Milk 


64 


.24 


67 


.59 


Sugar 


10 


.96 


10, 


. 96 


Cream (40% fat) 


9 


.97 


0. 


.00 


Corn Syrup Solids (36 DE) 


6, 


,98 


6. 


.98 


Non-Fat Milk Solids 


6, 


.54 


6. 


.78 


Micro crystal line Cellulose 


0, 


.60 


0. 


60 


Stablizer/Emulsif ier Blend 


0. 


40 


0. 


40 
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Mono- and Diglycerides , 
Guar, CMC, Polysorbate 80, 
Carageenan 

Natural Vanilla, 4X 0.31 0.31 

05 Zein Microsphere Suspension 0.00 6.38 
(25.9% solids) 



Caloric Reduction (calculated) 19.2% 
Fat Reduction ' 100% 

10 Equivalence 0.42 

The liquid ingredients were combined in a 
pasteurization vat and heated to 43°C under constant 
agitation. Once this temperature was reached, the 
dry ingredients were added, under continuous 
15 agitation. When all of the dry ingredients were 
dissolved, the temperature was increased to 63°C, 
and the mixture was homogenized in a two -stage 
homogenizer with the first-stage at about 2000 psi, 
and the second-stage at about 500 psi. Then, the 
20 mixture was pasteurized by maintaining 63°C for 30 
minutes. The mix was then cooled to 4°C and aged 
for 4 to 18 hours. After aging, flavors were added, 
and the mix was processed in a small batch freezer. 
Once the mix became semi-solid (-8 to -6°C) , it was 
transferred into its final package, and stored in a 
hardening room maintained at -40°C. The flavor, 
texture and overall acceptability of the fat reduced 
product were comparable to the control formulation. 



25 



30 



Metho d 2 

The following formula was used to prepare a 
fat-reduced frozen dessert: 
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Exainp Ie_2Q 



05- 



Subs t i tute 

A reduced- calorie t reduced-fat margarine spread 
was prepared using a 25.9% solids suspension of zein 
microspheres as described in Example 19. The 
formula for the fat reduced product is as follows: 



Margarine Spread Formulation 



1 0 lE£I£fLi £Bi£. 



We i ch t_ Percentage 
Control Fat Reduced 



15 



Partially Hydrogenated 80.0 

Soybean Oil 
TM 

Durtex 100 (emulsified 0.0 

shortening ) 
TM 

Durlo (emulsif ier ) .0.0 

Lecithin 0.5— 

-Mono- and D i glycer ides 0.5 

Water ~ 15'. 0 

Salt 1.0 

20" Butter Flavor _ 0.0 

Flavors _ . 3 . 0 * 
Zein Microsphere ' Suspens ion 0~. 00 
(25.9% solids) ' - 



0.0 
40 . 0 

1.0 

0.5 

0 . 0 
13 . 6 5- 

0 .75 

4-. 0 

0.1 
40.00 



25 
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The fat (e.g., shortening or oil) and 
emulsifiers were combined and melted. Then, all of 
the ingredients were combined and homogenized in a 
high shear mixer (The Virtis Co.). Finally, the 
05 mixture was cooled to 4°C, and held until set 

(overnight). The fat reduced spread was judged to 
be creamy, and organo lep t ically similar to the 
control, and exhibited acceptable emulsion 
s tability . 

1 0 Example 21 
Subs_t i^tute 

Reduced- Calorie , reduced-fat poultry frank- 
furters were prepared using dry zein microspheres, 
15 prepared according to the procedure described in 
Example 11. The median particle size of the 
microspheres was 1.32 microns (80% of the particles 
had a particle size between 0.45 and 3.48 microns) . 
The formulation of the frankfurters is as follows: 

2 0 P P u 1 1 r y Frankf ur t e r _Fo rmul a t ion 



Weight Percentage 
Control Fat Reduced 



Mechanically Deboned 
Poultry Meat (12% fat) 



67.15 



67 . 15 



25 



Ice 



10.00 



10.00 



Water 



9.18 



9-.18 



Cure (nitrite) 



0.24 



0.24 
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05 



Seasoning 3.84 3.84 

La rd 7.67 0.00 

011 1.92 0.00 
Fat Substitute Blend: 

Zein microspheres (dry) 0.00 2.30 

Oil 0.00 1.92 

Water 0.00 5.37 



Caloric Reduction '(calculated) 30% 
10 Fat Reduction 43% 
Fat Equivalence 0.30 

The meat, salt, cure and half each of the 
seasoning, water and ice were chopped in a silent 
cutter for 3 minutes, at which time the remaining 

15 ingredients were added and chopping was continued 
until the mixture reached 12° C (about 8 to 10 
minutes). This mixture was stuffed into casings, 
using a stuffer, and hand linked (twisted) every 15 
cm. The links were placed in a four- stage smoke 

20 house, where the first-stage was at 58°C for 10 

minutes; the second-stage was at 70°C with smoke for 
25 minutes; the third-stage was at 80°C with smoke 
for 30 minutes (these conditions allowed the 
internal temperature of the frankfurters to reach 

25 about 68° C). The fourth-stage of the smokehouse 
contained a cold water shower for quick chilling. 
Then, the frankfurters were stored overnight at 4°C, 
after which the casings were removed. 

The frankfurters made by this method could be 

30 reheated by standard methods, i.e., pan frying, 
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The cream, microsphere- suspension, and skim 
milk were combined and heated to 43°C in a steam 
jacked, agitated kettle. Then, the non-fat milk 
solids were dissolved. in this mixture, and the 

05 temperature was raised to 63°C. Next, the mixture 

was homogenized in a two-stage homogenizer, in which 
the first-stage was at about 2500 psi, and the 
second-stage was at about 500 psi^ The mixture was - 
then heated to about 82°C, and held at this 

10 temperature for 25 minutes. The mixture was allowed 
to cool to about 21°C\ and the rennet was added. 
This mixture was transferred to individual serving 
cups, and fermented for 16 to 20 hours at 80°C, 
after which, the cups were refrigerated at 4°C. 'An 

15 acceptable sour cream-like product was obtained. 

Exajn£le_2S 

* « 

Il££iL£ £ t i £ n_o f _L £ w^ F a t _M i 1 k^B a s-e d_ B e y e r ag e _U s i njg 

A low-fat milk-based beverage" was prepared 
20 using a 25.9% solids suspension of" zein microspheres 
as described in Example 19. The formulation is as 
follows: 7~ 
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lB5I£dient Control I Control II Fat Reduced 



Skim milk 7.1 91.9 96.6 

05 Whole Milk (3.5% fat) 92.9 0.0 0.0 

Cream (40% fat) 0.0 8.1 0.0 

Water 0.0 0.0 1.7 

Zein Microsphere 0.0 0.0 1.7 
suspens ion 

1 0 (1 5^9 %_ sol id s± 

Caloric reduction (calculated) 44% 

Fat reduction 100% 

Fat Equivalence 0.13 



The controls were prepared by combining either 
15 whole milk and skim milk, or skim milk and cream, 
and then adjusting to 3.25% fat. The reduced-fat 
formulation was prepared by combining all of the 
ingredients. Each of the milk formulations 'was 
heated to 60°C, and homogenized in a two-stage 
20 homogenizer, where the first-stage was operated at 
about 1500-2000 psi and the second-stage was 
operated at about 400-500 psi. Then, each 
formulation was pasteurized by maintaining a 
temperature of 63°C for 30 minutes. Finally, each 
25 formulation was cooled to about 4°C and stored. The 
flavor, color, texture and overall acceptability of 
the reduced-fat formulation was judged to be 
comparable to the control formulations. 
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Example 24 

Preparation of a Peanut Spread Using Zein Fat 
Sub sti tu te 

A reduced-calorie, reduced-fat peanut spread 
05 was prepared using a 25.9% solids suspension of zein 
microspheres as described in Example 19. The 
microparticles had a median particle size of 1.43 
microns (80% of the particles had a particle size 
between 0.48 and 4.06 microns). The formula for the 
10 product is as follows: 



Peanut Spread F ormulation 



Ingre die nt Control Fat Reduced 

Peanut butter 100 50 
15 Corn syrup (42 DE) 0 25 
Zein Microsphere suspension 0 25 
,(25,9% solidsj__ 



Caloric reduction (calculated) 32% 
Fat reduction 50% 
20 Fat Equivalence 0.25 

The peanut butter and corn syrup were blended 
together in a mixing bowl. Then, the microsphere 
suspension was added, and blended until a uniform 
mixture was attained. An acceptable peanut spread 
25 was obtained. The color, texture and flavor of the 
fat-reduced peanut spread resembled the control. 
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The salt, sugar, mustard powder, vinegar and 
water were combined with an electric mixer at low 
speed for 1 minute. Next, the egg yolk and thezein 
microsphere suspension were added, and the mixing 

05 speed was increased to medium for 1-2 minutes. The 
oil was added first by reducing the- mixing speed to 
low and slowly adding a suspension of the xanthan in 
5 pacts (5% of the total formulation) oil, then by - 
mixing at a medium speed for 2 minutes, and finally 

10 by slowly adding the remaining oil while mixing at a 
high speed. After all of the oil was added, mixing 
was continued at a high speed for an additional 5 
minutes, the sides of the bowl were scraped, and the 
mixture was re-mixed for another 3-5 minutes. The 

15 dressing was light yellow, smooth and had an 

_ ■ - 

acceptable mayonnaise appearance and texture. 
ExamD le_26 

A solution containing 6 g of zein (regular 
20 grade F-4000) in 94 g of 90% (v/v) ethanol-water, 
was added at a rate of 0.5 ml/min to a ra~pidly - 
agitated solution of -100 mg Ferratin from horse 
spleen (Sigma Chemical Co..) In 100 ml of water 
containing 0 . 9 ~g NaCI , and 0.12 g Trizma base (Sigma 
25 Chemical Co.), which had bejan adjusted to pH 7.4 
with IN hydrochloric acid. The precipitation was 
conducted at 20°C. The resulting- suspension was 
dialyzed, using" a 100,000 NMUL hollow fiber 
cartripge (Amicon Corp.),. against Jl liter of water 

m * 

30 containing 1.2 g of Trizma base, which had. been 
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adjusted to pH 7.4 using hydrochloric acid. The 
dialyzed suspension was then lyophylized according 
to the procedure described in Example 6. 

The final product contained 6 g of zein en- 

05 capsulating 10 mg of Ferratin. This product was 

administered to a culture of vaginal carcinoma cells 
(ATCC Line ME180, CASKI). After 24 to 72 hours, the 
cells were examined by transmission electron micro- 
scopy (TEM) . The release of Ferratin from the 

10 encapsulating zein was evidenced by the presence of 
patches of electron- dens e regions as seen by TEM. 

^icro encapsulation of Rhodamine_B 

A solution of 0.5 g regular grade zein (F-4000) 
15 and 100 mg Rhodamine B (Sigma Chemical Co.) in 49 ml 

i 

of 90% (v/v) ethanol-water was added at a rate of 
0.5 ml/min to a rapidly agitated beaker of 400 ml 
water to form a suspension of microspheres . The 
precipitation was conducted at 20°C. The resulting 

20 suspension was dialyzed with a 100,000 NMWL hollow 
fiber cartridge (Amicon Corp.) against 1 liter of 
deionized water to remove the unencapsulated 
Rhodamine. The final suspension was lyophilized to 
a dry powder according to the procedure set out in 

25 Example 5, and sterilized by autoclaving at 120°C 
for 30 minutes. 

The encapsulated drug was administered to a 
culture of vaginal carcinoma cells (ATCC Line ME180, 
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CASKI) by adding the encapsulated Rhodamine to the 
media. The incorporated particles were imaged using 
light microscopy, and the release of Rhodamine 
monitored by epif luorescence of the Rhodamine. 
After 24 hours, numerous particles were seen within 
the cells and the cytoplasma of the cells fluoresced 
when exposed to light at a wavelength of 586 nm. 

Equival ent s ' 

Those skilled in the art will recognize, or be 
able to ascertain using no more than routine experi- 
mentation, many equivalents to the specific embodi- 
ments of the invention described herein. Such 
equivalents are intended to be encompassed by the 
following claims. 
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9. Water-dispersible microparticles of Claim 8 
wherein the protein has been chemically 
modified by treatment with an acid or Ijase. 

10. Water-dispersible microparticles of Claim 9 

05 wherein the treatment comprises deamidating the 

protein with HCL. 

11. _Water-dispersib-le microparticles of Claim 1 

wherein the water-insoluble protein has been 
enzymatically modified b}' ..treatment with a 
10 protease. 

• 

12. Water-dispersible microparticles of Claim 11 
wherein the. protease is papain or. chymo tryps in . 

13. A stable aqueous dispersion comprising water- 
dispersible microparticles of Claim 1 suspended 

15 in an aqueous medium. 

14. A stable aqueous dispersion of Claim 13 wherein 
the aqueous medium comprises -water or a mixture 
of alcohol and water, wherein the amount of 
alcohol is le-ss than A 0%— by weight. 



20 



15. A stable aqueous- dispersion of Claim 14 wherein 
the alcohol— is ethanol or 2-propanol. 

9 — 

16. .Water-dispersible microparticles of Claim 1 

which have been lyophilized to form a dry 
powder. ... 
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17. A suspension comprising a rehydrated powder of 
Claim 16. 



18. A suspension of Claim 17 containing from about 
20% to about 40% by weight protein. 

05 19. Water-dispersible micropar tides comprising 

precipitated hydrophobic protein, said 
microspheres wherein having a median particle 
size of less than about 4.0 microns. 

20. Water-dispersible micropar tides of Claim 19 
10 wherein the hydrophobic protein comprises a 

prolamine. 



21. Water-dispersible micropar tides of Claim 20 
wherein the prolamine is derived from a grain 
selected from the group consisting of: corn, 
common wheat, durum wheat, barley, rice and 
sorghum . 



15 



22. Water-dispersible micropar tides of Claim 21 
wherein the prolamine comprises zein. 

23. A method of producing water-dispersible micro ■ 
20 particles of water- insoluble protein comprising 

the steps of: 

a. dissolving the water- insoluble protein 
in a solvent therefor to form a solution of 
said protein; 

b. contacting an aqueous medium with said 
protein solution under conditions sufficient to 
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form uniform water- dispersible microparticles 
of said protein in the aqueous medium. 

A method of Claim 23 wherein the water- 
insoluble protein comprises a prolamine derived 
from grains selected from the group consisting 
of corn, common wheat, durum wheat, barley, 
rice and sorghum. 

A method of Claim 24 wherein the prolamine 
comprises zein. 

A method of Claim 23 wherein the protein 
solvent is selected from the group consisting 
of ethanol, 2-propanol, 1-butanol, acetone and 
aqueous mixtures thereof containing less than 
60% by weight of water. 

A method of Claim 26 wherein the protein 
solvent is a mixture of ethanol and water. 

A method of Claim 23 wherein the protein 
solvent is an aqueous alkali solution having a 
pH of at least pH 10. 

A method of Claim 28 wherein the alkali 
solution comprises a 0 . 1 to 6N sodium hydroxide 
solution . 

A method of Claim 23 wherein the aqueous medium 
comprises water or a mixture of alcohol and 
water wherein the amount of alcohol is less 
than 40% by weight. 
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39. A food product normally containing fat in which 
a significant portion of the fat has been 
replaced by water - dispers ib le micr opart icle s 
comprising water - insoluble protein. 

05 40. A food product of Claim 39 wherein the 

water- insoluble protein is a prolamine. 



41. A food product of Claim 40 wherein the 

prolamine is derived from a grain selected from 
the group consisting of corn, common wheat, 
durum wheat, barley, rice and sorghum. 



10 



42. A food product of Claim 41 wherein the 
prolamine comprises zein. 

43. A food product of Claim 39 wherein the portion 
of fat replaced has a fat equivalence of from 

15 about .10 to about 0.50. 

44. A food product of Claim 43 comprising a 
frosting . 

45. A food product of Claim 43 comprising a 
pourable or spoonable salad dressing. 

20 46. A food product of Claim 43 comprising a frozen 

dessert . 

47. A food product of Claim 43 comprising a- 
margarine spread. 
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48. A food product of Claim 43 comprising a poultry 
frankfurter. 

49. A food product of Claim 43 comprising a sour 
cream- like product. 

50. A food product of Claim 43 comprising a low-fat 
milk-based beverage. 

51. A food product of Claim 43 comprising a peanut 
spread. 

52. Water-dispersible microparticles of water- 
insoluble protein encapsulating agents therein. 

53. Water-dispersible microparticles of Claim 52 
wherein the water- insoluble protein comprises a 
prolamine . 



54. Water-dispersible microparticles of Claim 53 
15 wherein the prolamine is zein. 

55, A controlled release system for the controlled 
release of a selected molecule comprising the 
microparticles of Claim 54. 



10 
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